A structural hypothesis for BH4 responsiveness in patients with mild forms of hyperphenylalaninaemia and phenylketonuria.
Deficiencies in the human enzyme phenylalanine hydroxylase (PAH) due to mutations in the PAH gene (PAH) result in the inborn error of metabolism phenylketonuria (PKU). The clinical symptom of this disease is an elevated concentration of L-phenylalanine (L-Phe) in blood serum. To prevent mental retardation due to the buildup of neurotoxic metabolites of L-Phe, patients with severe PKU must be treated with a low-L-Phe diet starting early in their life. Owing to extensive newborn screening programmes and genotyping efforts, more than 400 different mutations have been identified in the PAH gene. Recently, there have been several reports of PKU patients showing a normalization of their L-Phe concentrations upon oral administration of the natural cofactor to PAH, (6R)-L-erythro-5,6,7,8-tetrahydrobiopterin (BH4). In an attempt to correlate the clinical responsiveness to BH4 administration with PKU genotype, we propose specific structural consequences for this subset of PAH mutations. Based on the location and proximity of this subset of mutations to the cofactor-binding site in the three-dimensional structure of PAH, a hypothesis for BH4 responsiveness in PKU patients is presented. It is believed that some of these mutations result in expressed mutant enzymes that are Km variants (with a lower binding affinity for BH4) of the standard PAH enzyme phenotype. Oral administration of excess BH4 thus makes it possible for these mutant enzymes to suppress their low binding affinity for BH4, enabling this subset of PAH mutations to perform the L-Phe hydroxylation reaction. Most of the BH4-responsive PAH mutations map to the catalytic domain of PAH in either of two categories. Residues are located in cofactor-binding regions or in regions that interact with the secondary structural elements involved in cofactor binding. Based on the series of known mutations that have been found to be responsive to BH4, we propose that other subsets of PAH mutations will have a high likelihood of being responsive to oral BH4 administration.